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Toxicity and cosmetic outcome in hypofractionated radiation 
therapy for ductal carcinoma in situ after breast-conserving 

surgery: a preliminary report 

INTRODUCTION 

Ductal carcinoma in situ (DCIS) is considered a 
pre-invasive ductal carcinoma. Currently, standard 
treatment for DCIS is lumpectomy followed by whole 
breast radiation. Radiotherapy, according to the Early 
Breast Cancer Trialists' Collaborative Group 
(EBCTCG), lowered the absolute 10-year chance of 
any ipsilateral breast incident by 15.2 % (1). The data 
from trials in the meta-analysis mainly used                   
conventional fraction 5000cGy over 25 fractions to 
the whole breast. Recently, the use of alternative 
schedule using a lower total dose delivered in fewer, 
larger fractions (hypofractionation, HFx) has been 
demonstrated to have comparable local control rates 
and cosmetic outcomes to standard fractionation in 
early-stage invasive breast cancer (2-5). However, 
there are only few retrospectives studies available on 
DCIS. A large cohort study from Canada found that, 
with a median follow-up of 9.2 years, when compared 
to conventional radiation therapy, HFx was not              
associated with an increased risk of local recurrence. 
However, this study did not report data about toxicity 
and cosmesis (6). In a separate study, the 5 year         

ipsilateral local recurrence rate was reported as 4.1% 
for HFx regimen, where using two consecutive                
clinical trials (4200Gy and 4050Gy, respectively) over 
15 fractions resulted in 86% of the initial studied  
patients reported 91% good-to-excellent and 9%          
fair-to-poor cosmesis at least 2 years after treatment 

(7). Oar et al. consistently reported ipsilateral                  
recurrence rate in patients received 4220–4260 cGy 
in 16 fractions 7.1% and 3.6% for conventional and 
HFx treatment, respectively, but these were not             
significant different to each other. (p=0.48).                   
Furthermore, there were no significant changes in 
cosmetic outcomes between conventional and HFx 
treatment. (p= 0.06) (8).  

A study from Berlin et al. included 107 breasts 
with DCIS and evaluated acute skin toxicity. The 
treatment in this study was HFx with concomitant 
boost and patients were well tolerated to this              
treatment (9).   

Our study is to assess the toxicity parameters 
which are of concern for patients receiving breast 
conserving surgery (BCS). The primary outcome was 
to evaluate cosmesis at 6 months after HFx treatment, 
while the secondary outcomes were to assess the 
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ABSTRACT 

Background: Hypofractionation radiotherapy (HFx) following breast-conserving 
surgery (BCS) in ductal carcinoma in situ (DCIS) has been shown to be safe in many 
retrospective studies. In this paper, we report our data and assess those outcomes to 
support the use of HFx in DCIS. Material and Methods: All patients with DCIS after BCS 
were treated with 4250cGy in 16 fractions to whole breast with tumor bed boost 
1000cGy in 4 fractions. The toxicity was evaluated using CTCAE v.5.0. On the last day 
of radiation (day 0) then 1 and 6 months post radiation. The cosmesis was evaluated 
at 6 months. Results: Between July 2018 and December 2019 at our center, 33 
patients were analyzed with a median follow up of 7.3 months. No toxicity of more 
than grade2 occurred. At day 0 and 1 month after radiation, 89% and 85% of patients 
had grade1 dermatitis and hyperpigmentation, respectively. For induration, 33% had 
grade1 at day 0, 29% at 1 month, and 44.8% at 6 months. Only 3% had grade2 
induration at 1 month. In addition, 67% of the subjects had grade1 pruritus and 37% 
had grade1 pain at day0. Radiation oncologists assessed good-to-excellent cosmesis in 
93% of these patients, while the 96.6% of patients self-evaluated as good to excellent 
without impact on their self-confidence. Conclusion: This prospective trial showed 
that HFx can be safely used in DCIS with no more than grade2 skin toxicity and good to 
excellent cosmesis.  
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acute and late toxicity during the follow-up visit at 
the last day of treatment, 1 and 6 months after             
treatment. 

 
 

MATERIALS AND METHODS 
 

Patients 
From July 2018 to December 2019, 33 patients               

in Department of Radiation Oncology at King 
Chulalongkorn Memorial Hospital, Bangkok, Thailand 
who had undergone BCS with pathological confirmed 
of DCIS were entered in the protocol with consent. 
Patients with a history of invasive or DCIS in the              
ipsilateral breast were excluded. The following            
variables were recorded: tumor size, tumor grade, 
surgical margin, estrogen/progesterone receptor  
status, menstruation status and the use of hormone 
therapy. The duration of follow-up was determined 
by the date of the final day of radiation treatment and 
the date of the follow-up appointment. The trial was 
approved by the Ethics committee (IRB number 
491/61) and registered with ClinicalTrials.gov,             
number TCTR20191223001. 

 
Simulation and treatment planning 

Computed tomography (CT) simulation (Philips 
Brilliance Big Bore, Phillips Medical Systems,                  
Cleveland, OH, USA) was done 3-4 weeks after         
surgery with 3-3.5 mm slice thickness in supine              
position. The patient laid on breast-board                             
immobilization with both arms up. The borders of the 
radiation field were as follows: the superior edge was 
at the inferior margin of the head of clavicle. The   
inferior edge was 2 cm below infra-mammary fold. 
The medial edge was at midline of the sternum. The 
lateral edge was at mid-axillary line. The tumor bed 
was boosted by 0.5 cm expansion using the marker 
on the surgical scar or post-lumpectomy seroma on 
the CT imaging. The images were sent to the planning 
system for contouring (Varian Eclipse, version 15.6, 
Varian Medical Systems, Palo Alto, CA). 

Radiation was delivered to the patient by opposed 
tangential photon beams on whole breast radiation 
(42.5 Gy in 16 fractions, 265 cGy per fraction).                
Patients were treated 5 fractions per week. The              
tumor bed boost was prescribed using 10 Gy in 4 
fractions, 250 cGy per fraction. The satisfied                  
treatment plan was selected following criteria from 
an American Society for Radiation Oncology (ASTRO) 
evidence-based guideline by minimizing the volume 
of tissue receiving greater than 105 % of the            
prescription dose (9). Forward intensity- modulated 
radiotherapy (IMRT) using an electronic                          
compensator was applied in all treatment plans. After 
whole breast irradiation, an electron beam boost was 
used to boost the tumor bed. 

All patients were treated by different machines of 
The VARIAN Linear Accelerators (The Varian 21EX, 
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23EX, RapidArc, Clinac iX or TRUEBEAM                           
accelerators). 

Adjuvant hormonal treatment was prescribed by 
the medical oncologist depending on the hormonal 
receptor status. 

All patients were followed at 1, 3 and 6 months 
after the treatment course, then yearly until reached 
5 years. 

 
Toxicity evaluation 

All patients underwent a clinical assessment the 
day before irradiation and were followed weekly  
during the treatment and for one, three, and six 
months thereafter. Acute and late side effects were 
evaluated at day 0, 1 and 6 months after completion 
of the radiation treatment. The treating physician 
assessed toxic effects using the National Cancer             
Institute Common Terminology Criteria for Adverse 
Events (CTCAE) v5.0 (10). 

 
Evaluation of the cosmetic outcome 

Photographs were taken to assess the changes in 
the breast based on the size, shrinkage, and shape. 
The score was recorded by using the Global Breast 
Cosmesis score developed by the European                   
Organization for Research and Treatment of Cancer 
(EORTC), as detailed by Aaronson and colleagues. (11) 
The overall cosmetic result was graded on a                 
four-point scale, with 0 indicating an excellent result 
(treatment changes are difficult to discern), 1             
indicating a good result (minimal treatment                      
modifications only), 2 indicating a fair result 
(moderate treatment changes), and 3 indicating a 
poor result (severe treatment changes). Three             
radiation oncologists independently rated changes in 
the breast appearance (photographic), with the final 
accepted score reached by consensus. At the baseline, 
photographs were taken (post- surgery and pre-
radiotherapy), on the last day of treatment and then 1 
and 6 months after radiation. All of the photos were 
taken by a researcher in two positions: arms up 
above head and arms at waist. The camera was held 
in front of the standing patient at the level of patient’s 
chest wall. We evaluated cosmetic outcome at 6 
months. 

Cosmesis self-evaluation was done by patients 
using 2-point scale. Score 1 was a good result and not 
associated with self-confidence, score 2 was a poor 
result that adversely affected the patient’s self-
confidence. 

 
Statistical analysis 

This was a phase II, prospective descriptive study 
in a single institution. The study protocol was                  
approved by the Research Ethics Committee of King 
Chulalongkorn Memorial Hospital. 

The duration of follow-up was estimated from the 
date of diagnosis to the date of the most recent              
radiation oncology department visit. Proportions are 
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used for categorical data, while means, medians, and 
ranges are used for continuous variables. We                 
calculated sample size from giving α = 0.05,                     
population proportion (p) = 0.9 from prior trials 
showing good cosmesis and the acceptable error (d) 
= 0.1 to provide adequate power for the test, with 33 
patients to be recruited. 

 
 
 
 

 

RESULTS 

 
This study enrolled a total of 33 patients who met 

the inclusion criteria. The median duration of               
follow-up was 7.3 months. The median age of the   
patients was 56 years (range 36-74) with 61% of the 
patient age ≥50 years old. In total, 61% of patients 
were postmenopausal, 39% were premenopausal. 
Half of patients (51%) presented with abnormal 
mammography. DCIS was low-grade in 36% of         
patients, intermediate in 64% and there was no            
high-grade DCIS. Median tumor size was 6 mm (range 
2-33mm). Overall, 67% of patients had surgical             
margin ≥2mm. Estrogen or progesterone receptor 
positive in 91% of patients with 71% received             
Tamoxifen. Table 1 summarizes the baseline                

characteristics of the patients. 
We evaluated acute effect at day 0 and 1 month 

post radiation. There was 80% (N=27) of patients 
available at one month follow up. No serious effect 
was noted in this study. At day 0, for dermatitis, 4%, 
89% and 7% had grade 0, grade 1 and grade 2              
dermatitis, respectively. There was no grade 2 in any 
other side effect, but grade 1 induration and pruritus 
was detectable in 33% and 67% of patients,               
respectively, and needed only topical intervention. 
Pain was described as grade 1 in 37% of the patients 
and mostly characterized as dullness in the breast, 
but did not need medication. 

At 1 month after radiation, 85% and 7% of the 27 
available patients had grade 1 or grade 2                                  
hyperpigmentation, respectively, while for                  
induration, 68%, 29% and 3% had grade 0, grade 1 
and grade 2, respectively. No pruritus nor pain was 
found at 1month. 

At 6 months after radiation, 87% (N=29) of             
patients were available for evaluation. No grade 2 
hyperpigmentation was noted, but 41.37% had grade 
1, while 58.6% had grade 0. For induration, 55.1% 
had grade 0, 44.8% were detected as grade 1. Table 2 
demonstrated the acute and late toxicities of the             
patients. 

 
Cosmetic outcome 

Out of the initial 33 patients, 29 patients reached 
follow-up at 6 months. There were 4 patients lost to 
follow up. We used the European Organisation for 
Research and Treatment of Cancer (EORTC) Global 
Breast Cosmesis score to evaluate our patients by 
three radiation oncologists. An excellent result was 
scored for 7(24.1%) of the patients, 20(68.9%) for 
good result and only 2 patients (6.9%) was given a 
fair result. Figure 1 and 2 showed examples of         
patients’ cosmetic results. 
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  Patients(N=33) % 
Age (Median = 56)     

< 50 13 39 
≥  50 20 61 

Menopausal status     
Premenopause 13 39 
Postmenopause 20 61 

Presentation     
Abnormal mammography 18 55 

Symptomatic 15 45 
Breast volume     

< 1000cc 24 73 
≥ 1000cc 9 27 

Tumor size (Mean = 9mm)     
< 2.5 cm 32 97 
≥  2.5 cm 1 3 

Histology grading     
G1 12 36 
G2 21 64 
G3 0 0 

Margin     
< 2mm 11 33 
≥  2mm 22 67 

Hormonal status     
ER/PR positive 30 91 

ER/PR negative 3 9 
Tamoxifen     

Yes 24 73 
No 9 27 

Table 1. Patient characteristics. 

G = Grade; ER = Estrogen receptor; PR = Progesterone receptor 

Acute toxicity grade Grade 0 (%) Grade 1 (%) Grade 2 (%) 

Day 0 (N=27) 
Dermatitis            
Induration 

Pruritus 
Pain 

  
1 (4%) 

18 (67%) 
9 (33%) 

17 (63%) 

  
24 (89%) 
9 (33%) 

18 (67%) 
10 (37%) 

  
2 (7%) 

0 
0 
0 

At 1 month (N=27) 
Hyperpigmentation 

Induration 

  
2 (7%) 

19 (68%) 

  
23 (86%) 
8 (29%) 

  
2 (7%) 
1 (3%) 

Late toxicity grade Grade 0 (%) Grade 1 (%) Grade 2 (%) 

At 6 months (N=29) 
Hyperpigmentation 

Induration 

  
17 (58.6%) 
16 (55.1%) 

  
12 (41.37%) 
13 (44.8%) 

  
0 
0 

Table 2.  Acute and late toxicities. 



DISCUSSION 
 

With the established equivalent oncological and 
cosmetic outcomes between the conventional              
fractionation and HFx treatment in invasive breast 
cancer, the same question arises for DCIS of the 
breast. However, there is a lack of randomized data 
on hypofractionation in DCIS, with only a few              
retrospectives studies available to date shown in  
table 3. This study was a single-institutional,                  
prospective, single-arm trial aim to evaluate the           
cosmetic and toxicity outcomes of the HFx treatment 
of DCIS patients. 

Our study found that 93-100% of patients had 
grade 0 to 1 acute and late toxicities. These results 
are 

in line with the skin toxicity finding reported in 
other retrospective studies (6-8,12, 13). 

In terms of cosmesis, 93% of the patients who 
reached the 6-month follow-up visit had excellent to 
good cosmetic outcomes, which is consistent with a 
previous report of 92.9% (8). The two patients (6.9%) 
who noted only a fair cosmetic result had a breast 
volume of more than 1,000 cc, although this reflected 
33% of all the patients with a large breast volume (> 
1,000 cc). 

With respect to the correlation between the 
breast volume and skin toxicity, a previous study 
comparing treatment with HFx with that using       

conventional fraction reported that a large breast size 
was associated with a lower acute grade 2 toxicity in 
both treatments (13). Likewise, a study from Corbin 
K.S., found that HFx did not result in an increase in 
acute skin toxicity in large-breasted women (15). To 
avoid any of late skin toxicity and worse cosmesis 
with HFx, it is advisable to keep the volume of hot 
spots and not to exceed 105-107% of the prescribed 
dose (9,16). Those two patients in our study, the hot 
spot was not exceed 107 % of prescribed dose. It is 
still inconclusive as we cannot find the associated risk 
factors in those grade 2 toxicity patients. 

We administered a tumor bed boost in every             
cases, since a radiation boost for DCIS following 
whole breast radiotherapy is associated with a slight 
but statistically significant reduction in long-term 
intra breast tumor recurrence (17). With respect to the 
tumor bed boost, data from invasive breast cancer 
suggested that a tumor bed boost was associated with 
a more moderate to severe fibrosis in the long term 
follow-up (18,19). In 10-year follow up results of START 
A and B randomized controlled trials, tumor bed 
boost radiotherapy did not alter the effect to normal 
tissues (4). But the number of patients received boost 
dose was quite small. The latest BIG 3-07/TROG 07.01 
study which is a phase 3 study using a four-armed 
randomized control trial, has published data on the 
safety and quality of life of patients treated with          
conventional or HFx, with or without tumor bed 
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Trial N Fractionation Follow up (yrs) Ipsilateral breast 
recurrence (%) Cosmesis 

Ciervide et al. (7) 2012 145 
42/15 

40.5/15 + SIB 7.5/15 
5 

4.1% 
( no invasive) 

125 patients: 91% good-to-excellent 9% 
fair-to-poor 

Hathout et al. (12) 2013 440 42.5/16 + SEQ 10/4 4.4 3% 
(30% invasive) 

x 

Williamson et al. 2010 
(13) 266 

50/25 
42.4/16 

40/16 + 12.5 
boost 

3.76 
6% 
7% 

8% (4yrs) 
x 

Lalani et al. (6) 2014 1609 
50/25 

42.4/16 9.2 LRFS 86% 
89% 

x 

Oar et al. (8)
 2016 197 

46-50/23-25 
(N=141) 

42.2-42.6/16 (N=56) 
4.4 7.1% 

3.6% (NS) 

34.5% of patients 92.9% (Hypofraction) 
vs 76.9% (Conventional fraction) good- 

excellent EORTC score 

Table 3. Retrospective data using hypofractionation in DCIS. 

DCIS = Ductal carcinoma in situ; SIB = Simultaneous integrated boost; SEQ = Sequential boost; LRFS = Locoregional free survival rate; NS = Not             
statistically significant; EORTC = European Organisation for Research and Treatment of Cancer. 

Figure 1. Example of a patient treated to the left breast with 
good-excellent cosmetic result. 

Figure 2. Example of a patient treated to the left breast with 
a poor cosmetic result: induration and hyperpigmented skin 

were detected at 6-month follow up. 



boost. All patients were follow up at 2 years after the 
treatment. The study revealed that the cosmetic             
status was worse in the tumor bed boost arm (20).  
Although we gave tumor bed boost to every patients, 
most of them had mild- moderate skin toxicity. To 
assess the late toxicity, a longer follow-up time is  
required as the events increase over time. 

The limitation of this study is the short follow-up 
time and the small sample size, where the cosmetic 
and toxicity outcome would likely be better                     
answered with a longer follow-up and larger sample 
size. 

Currently, the results of the benefit of HFx with or 
without tumor bed boost of the BIG 3-07/TROG 07.01 
study are awaited (20).  Therefore, in the meantime 
our findings support the use of HFx treatment for 
DCIS after BCS. 

 
 

CONCLUSION 

 
This prospective trial demonstrated that HFx can 

be used safely in DCIS with no skin toxicity greater 
than grade 2 and good to excellent cosmesis. 
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